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Research  Objectives:  1)  Establish  science  needed  for  an  ultra-compact,  high-energy-density  Inter-Turbine  Burner 
(ITB)  that  will  enable  a  constant  temperature  (CT)  cycle  engine.  2)  Establish  science-based  methodology  for 
concurrent  development  of  new  component  strategies  and  enabling  materials  via  interactive  studies  needed  for 
development  of  ITB. 


Background:  This  is  a  joint  program  between  MLLN  and  PRTS.  A  key  technology  essential  for  the  development  of 
a  propulsion  system  that  operates  on  a  CT  cycle  is  an  ITB  that  will  efficiently  add  heat  between  the  turbine  stages  and 
is  constructed  of  advanced,  lightweight  ceramic-matrix  composites  (CMC)  materials. 

Summary  of  Progress  and  Forecast  for  Next  Year  FY:  Progress:  Concepts  for  an  ultra-compact  combustor  (UCC) 
which  uses  high  g  loading  are  being  explored  experimentally.  The  rig,  which  simulates  the  flameholding  zone  in  a 
circumferential  cavity,  uses  a  centerbody  to  simulate  the  actual  engine  configurations.  The  fuel  is  introduced  in  the 
cavity  at  6  discreet  injection  sites  equally  spaced  around  the  circumference.  Part  of  the  total  combustion  air  is 
admitted  into  the  cavity  to  mix  with  the  fuel  and  provide  a  stability  zone  for  the  flame.  The  cavity  mixture  burns  and 
transports  to  the  axial  main  air  zone,  where  the  mixture  is  quenched  and  reactions  continue  to  completion.  A 
parametric  study  was  conducted  to  investigate  the  effect  of  airflow  rates  into  the  swirling  cavity.  Results  of  the  best 
design  were  very  encouraging,  indicating  that  the  combustion  system  flame  holding  zone  operated  at  99+% 
combustion  efficiency  over  a  wide  range  of  cavity  fuel-air  ratios  and  combustor  pressure  drop  conditions  burning  JP-8 
+  100  fuel.  Flame  lengths  were  extremely  short,  at  about  50%  that  of  conventional  systems.  High  heat  release  rates  on 
the  order  of  2  times  conventional  primary  zone  heat  release  rates  were  seen  while  maintaining  high  combustion 
efficiencies.  It  is  believed  that  combustor  cavity  g-loading,  on  the  order  of  1000  g’s  compared  to  conventional 
combustion  systems  near  100  g’s,  enhanced  reaction  rates  and  provided  a  longer  residence  time  for  un-reacted  mixture 
via  centrifugal  forces,  thereby  increasing  the  combustion  efficiency.  CFD  tools  were  used  successfully  to  determine 
test  matrix  designs  and  to  understand  physical  processes  in  the  high  g-loaded  combustor.  Forecast:  Investigation  into 
the  effects  of  fuel  injection  method  into  highly  swirling  flow,  and  the  impact  of  atomization,  fuel  velocity,  and  fuel-air 
mixing  on  combustion  performance  will  continue.  Additionally,  the  study  of  mixture  transport  from  the  cavity  to  the 
main  air  stream  will  continue  by  investigation  of  strut  and  vane  configurations.  The  combustion  system  will  be 
investigated  at  modest  pressure  ratio  to  study  pressure  effects  on  system  performance. 

The  materials  portion  status  of  this  program  is  included  in  a  separate  AFOSR  report  provided  by  Dr.  Ronald  Kerans, 
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